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ABSTRACT

Objective: Given the urgent need for strategies to minimize the damage caused by this
pandemic, this study performed a randomized, double-blind phase 2 study to assess the safety
of the effectiveness of chloroquine (CQ), hydroxychloroquine (HCQ) or ivermectin in severe
forms of COVID-19, in addition to identifying predictors of mortality in this group of patients.
Methods: Phase 2, double-blind, randomized study to assess the safety and efficacy of enteral
CQ, HCQ or ivermectin in patients hospitalized for SARS-CoV-2 infection, admitted to
a Reference Hospital in Roraima (Brazil) in may 2020. Patients were randomized in a 1:1:1
ratio. The endpoints were need of supplemental O,, invasive ventilation, admission in ICU and
death. The study was approved by an independent IRB.

Results: 168 patients were randomized. The mean age was 53.4 years (+15.6), most participants
were male (n = 95; 58.2%). Therapy with corticosteroid, anticoagulant or antibiotics was
a decision of the attending physicians, and there was no difference between the groups. The
mortality was similar in three groups (22.2%; 21.3% and 23.0%) suggesting ineffectiveness of
the drugs. No difference in the incidence of serious adverse events were observed. To be older
than 60 years of age, obesity, diabetes, extensive pulmonary involvement and low SaO, at
hospital admission due to independent risk factors for mortality.

Conclusion: Although CQ, HCQ or ivermectin revealed a favorable safety profile, the tested
drugs do not reduce the need for supplemental oxygen, ICU admission, invasive ventilation or
death, in patients hospitalized with a severe form of COVID-19.
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BACKGROUND this fast clinical evolution is an exacerbated release of

cytokines [4]. Given the absence of effective preventive
strategies (such as vaccines), an urgent need for thera-

The current pandemic expansion of the COVID-19 calls
for initiatives from the scientific community to acceler-

ate the production of data that can bring solutions to
the serious challenges that threaten public health glob-
ally. Appearing at the end of 2019 in the Hubei province
of the People’s Republic of China, it was declared
a world emergency on 30 January 2020 [1]. One of the
main challenges is its dynamic evolution, which moved
the largest number of the case reported from Asia to
Europe to the Americas in less than a month [2].
SARS-CoV-2 is a beta-coronavirus with a similar
structure to SARS-CoV-1 and MERS-CoV, viruses
responsible for epidemic outbreaks of acute respira-
tory syndrome cases since 2002 [3]. The rapid dete-
rioration of lung function and the need for long-term
respiratory support is the clinical feature related to the
most harmful effect of this pandemic: the depletion of
a community’s health resources. One of the causes of

pies to suppress this ‘cytokine storm’ emerged, to
reduce its mortality rate and also to contribute to
adequate and faster respiratory rehabilitation [5].
Among the therapeutic possibilities, hydroxychloro-
quine (HCQ), an agent widely used as a disease-
modifying drug in rheumatoid arthritis, and chloroquine
(CQ), an agent used in the treatment of malaria, have
been suggested as possibilities due to their remarkable
immuno-modulatory activities [6]. Recently, several
authors have proposed the use of CQ and HCQ for the
treatment of severe forms of COVID-19 due to theirimmu-
nosuppressive effects and low cost [7,8]. In light of this
preliminary evidence, the Ministry of Health of Brazil pub-
lished a nationwide guideline for severe (hospitalized)
forms of COVID-19, using CQ our HCQ as adjuvant therapy
[9]. Additionally, in the search for short-term therapeutic
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solutions given the health services depletion, a natural
path was to look for agents with in vitro viral inhibition
action. Ivermectin had in its history several reports of
in vitro inhibition of RNA viruses replication in addition
to a favorable safety profile [10,11]. A clinical trial in the
treatment of dengue demonstrated the safety of a 3-day
treatment (400 pg/kg per day), although with modest
results [11]. A recent publication by Caly et al. demon-
strated the antiviral action of ivermectin in cell culture
infected with SARS-CoV-2, strengthening the rationale to
test ivermectin in COVID-19 cases [12].

The objective of this study is to assess the safety
and efficacy of HCQ, CQ, or ivermectin in severe
forms of COVID-19, through a randomized, double-
blind phase 2 study in a Reference Hospital in
Roraima, north of Brazil, in addition to identifying
mortality predictors in this group of patients.

METHODS
Ethical issues

This study was conducted following the principles of
the Declaration of Helsinki and the Good Clinical
Practice guidelines of the International Conference on
Harmonization. It was approved by an independent
IRB/CONEP (CAAE 30605020.7.0000.5302/2020). The
study was registered in REBEC, the Brazilian clinical
trial database (RBR-8h7q82 — The effect of chloroquine,
hydroxychloroquine or ivermectin in patients with
severe manifestations of coronavirus) on
10 February 2020 (UTN code: 30605020.7.0000.5302).
A virtual independent Data Safety and Monitoring
Board (DSMB), with epidemiologists, cardiologists and
experts in infectious diseases, was implemented to
review the protocol and the preliminary results every
50 participants included to follow up the activities of
the study. The study was financed with the institution’s
own resources. The funder of the study had no role in
study design, data collection, data analysis, data inter-
pretation, or writing of the report.

Study design

This study was a T-institution, phase 2, double-blind,
randomized clinical trial conducted from May 1 2020, to
16 July 2020. Patients were randomized in a 1:1:1 ratio
using simple randomization to the treatment group with
HCQ or CQ or ivermectin. No placebo was given to any

group.

Population and setting

The Hospital Geral de Roraima is a regional reference for
the treatment of COVID-19, located in Roraima, a state in
the Brazilian Amazonian Region, and characterized by
housing the largest proportion of the indigenous

population in the country (15%) and by presenting 2
international borders. Both characteristics reveal impor-
tant population groups of high vulnerability in Roraima.
In particular, the border between Roraima and
Venezuela has been, since 2018, the main immigration
route for Venezuelan citizens to Brazil, due to the huma-
nitarian crisis that the country is going through.

Sample and sampling

Considering the main objective of assessing the mor-
tality among patients hospitalized for COVID-19, with
a tolerable error of + 5%, and estimated mortality of
20% in the hospitalized population infected with SARS-
CoV-2, based on the Huang et al.’s report [13], and
critical value for a 95% confidence level (Z = 1.96),
a minimum sample size of 152 patients was achieved.
Considering a loss of 10% of the sample, a final sample
of 167 hospitalized patients was obtained. The sam-
pling method was systematic.

Intervention, assessments and study endpoints

All patients (or their legal representatives, in case of
clinical severity) who were hospitalized by COVID-19
were invited to participate in the study, consecutively,
without patient selection. Inclusion criteria were as
follows: (1) laboratory test confirming infection by
SARS-CoV-2 (positive serologic test IgM or rt-PCR); (2)
hospitalized with a clinical, epidemiological, and radi-
ological picture compatible with COVID-19; (3) over
18 years old; (4) present a severe form of the disease
characterized by one of the following clinical signs:
dyspnea, tachypnea (>30 bpm), peripheral oxygen
saturation <93% (pulse oximeter evaluation), PaO,
/FiO, ratio <300, or infiltrate pulmonary>50% of the
parenchyma seen on chest tomography or chest radio-
graphy. The exclusion criteria were as follows: (1) under
18 years old; (2) indigenous people; (3) patients not
fluent in Portuguese; (4) unable to understand the
objectives and methods of the study; (5) critically ill
patients who are not accompanied by legal represen-
tatives; (6) those who reject participation in the study;
(7) patients with cardiac arrhythmia that include pro-
longation of the QT interval; (8) previous use of any of
the medications surveyed for more than 24 h.

Eligible participants were allocated at a 1:1:1 ratio to
receive orally (or via a nasogastric tube in case of orotra-
cheal intubation) either: (A) CQ difosfate (450 mg, twice
on day 0, and once daily from day 1 to day 4, total dose
2.7 g); or (B) HCQ sulfate (400 mg twice on day 0, and once
daily from day 1 to day 4, total dose 2.4 g); or C) ivermectin
(14 mg once at day 0 + 1 placebo tablet at day 0, and once
daily from day 1to day 2, + 1 placebo tablet daily from day
3 to 4, total dose 42 mgq). For participants with body
weight under 55 kg, the ivermectin dose was adjusted
to 10 mg each dose. Investigational products were



produced blindly by an independent pharmacy. Placebo
tablets were also produced by the same pharmacy to
standardize treatment and blinding of the research
team and participants (Figure 1).

An electronically generated randomization list was
prepared by an independent statistician. This randomi-
zation list linked the participant in chronological order
of inclusion to the numbered treatment bottle, blindly.
A non-blinded pharmacist was responsible to assign the
intervention. The bottles were numbered, and they con-
tained an equal number of tablets, equally arranged in
blister sheet with the daily intake schedule. The informa-
tion about the investigational product was restricted to
the non-blinded pharmacist, in an attempt to minimize
observer bias. Unmasking was available to DSMB mem-
bers in case of severe adverse events.

As per hospital protocol, every patient without con-
traindication received prophylactic doses of enoxa-
parin (1 mg/kg once a day). All patients meeting the
criteria of acute respiratory distress syndrome used
azithromycin (500 mg 1x for 5 days) and ceftriaxone
(1 g 2x for 7 days). Oseltamivir (75 mg 2x for 5 days)
was also prescribed when influenza infection was sus-
pected. The use of corticosteroids was a decision of the
assistant physician, as new scientific evidence on its
effectiveness emerged during the course of the study.

Clinical parameters were measured daily by the
research staff from day 0 to discharge or death. For
discharged participants, vital status and clinical data
were assessed, for safety and outcome assessment,
until day 90 after randomization. Biochemistry and
hematology exams were performed daily. All patients
underwent a chest CT scan at inclusion, and the repeti-
tion of this test was based on the recommendation of
the assistant medical team. Electrocardiograms were
performed weekly. The occurrence of cardiac arrhythmia
was the monitored adverse event of greatest interest.

Following were the study endpoints: the need for
supplemental oxygen, the need for invasive ventila-
tion, the need for admission to the intensive care unit
(ICU), mortality. Predictor variables, in addition to the

PATHOGENS AND GLOBAL HEALTH e 237

intervention programmed in the study, were used for
independent survival analysis. Outcome analysis was
performed by intention to treat.

Data analysis

Descriptive statistical analysis was performed, includ-
ing frequency of the distribution for categorical vari-
ables, and means (with standard deviation) for
continuous variables, with distribution. The prevalence
of outcome variables and their 95% confidence inter-
vals (95% Cl) were estimated based on the binomial
distribution. To compare sample means, Student’s
t-test was used for variables with normal distribution
and with homogeneity of sample variances. Otherwise,
the Mann-Whitney test was used for this purpose. The
¥-square test was used to compare differences in the
proportions of categorical variables. The analysis of
survival data was performed using the Cox
Proportional-Hazards Model. Additionally, Kaplan-
Meier curves were generated and log-rank tests were
used when the predictor variable was categorical. The
data were tabulated and analyzed using SPSS®. The
level of significance considered was 5%.

RESULTS

A total of 434 patients were invited to participate. Of
these, 266 (61.2%) were excluded. The main cause of
exclusion was the previous use of any of the investigated
medications before hospitalization. A total of 168 partici-
pants were randomized. The mean age was 53.4 years (+
15.6), the majority of participants were male (n = 95;
58.2%), and Hispanic origin people (78.9%). The propor-
tion of obese people (BMI> 30 kg/m?) was 37.5%. Near
half of the sample denied the use of tobacco (46.9%), and
only 9.7% of the participants were active smokers. Only
14.8% reported regular use of alcohol. The most common
associated clinical conditions were: systemic arterial
hypertension (43.4%), diabetes mellitus (28.1%), and pre-
vious chronic lung diseases (5.3%). The most common

Patients hospitalized by
COoVID19:

1) positive serologic test IgM or
rt-PCR;

2) clinical, epidemiological, and o5t

Hydroxychloroquine group:
* 400mg twice in day 0

* Once daily from day 1 to day 4
+ Total dose 2.4g

radiological picture compatible

Hospital discharge — recovered (=131)

with COVID19;

3) Over 18 years old;

4) severe form of the disease
characterized by one of the
following clinical signs:

1:1:1 ratio =61

Chloroquine group:

* 450mg, twice in day 0,

* Once daily from day 1 to day 4
* Total dose 2.7g

Death (n=36)
Withdrawal of consente (n=1)

\ End of study participation:

Primary endpoint:
Overal Survival

Dyspnea

tachypnea (> 30 bpm)
peripheral Sat O, <93%
Pa02 / FiO2 ratio <300
Pulmonary infiltrate > 50% of
the parenchyma

n=168

n=53

Invermectin group:

* 14mg once at day 0 + 1 placebo
tablet at day 0

* Once daily from day 1 to day 2

* 1 placebo tablet daily from day 3 to

4
+ Total dose 42mg (30mg if body
weight < 55kg)

Secondary endpoints:
Need of vasoactive drugs
Need of invasive ventilation
Need of O, supplementation

Figure 1. Study flowchart.
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syndromic clinical presentation at hospital admission was
a respiratory failure (76.5%), followed by pneumonic syn-
drome (42.5%). The mean value of oxygen saturation in
arterial blood gas analysis at admission was 89.9% (+ 5.4),
without oxygen supplementation. The most common
radiological findings on admission chest CT were ground-
glass opacity (85.0%) and pulmonary consolidation
(68.8%). And 38.1% of the patients had a magnitude of
involvement from 25% to 50% of the lung parenchyma.
There was no significant difference between the
proportions and means of the clinical and demo-
graphic variables between the treatment groups,
except for a higher proportion of nonsmokers in the
CQ group compared to the ivermectin group (56.6% vs
37.2%, respectively; p = 0.03), and a lower proportion
of former smokers in the CQ group compared to the
other two groups (28.3% vs 49.2%, respectively; p =
0.02). Table 1 describes and compares demographic
and clinical variables between treatment groups.
Regarding in-hospital variables, we observed a high
proportion of participants who completed the 5-day
test treatment (>90%), with no difference in proportion
between the treatment groups. Approximately 90% of
the participants in each group needed oxygen supple-
mentation at some point during hospitalization, and
there was no difference in the average number of days
of supplemental oxygen need (7.8 vs 7.9 vs 8.1). AlImost
all participants in the three groups were treated with
corticosteroids, most commonly, dexamethasone and
methylprednisolone, and approximately one-third of

the participants in each group were treated with antic-
oagulant (enoxaparin 1 mg/kg bid), with no statistically
significant difference between them.

There was no significant difference between the sec-
ondary and primary endpoints between the three groups.
The incidence of admission to the Intensive Care Unit was
similar in the HCQ, CQ and ivermectin groups, 21.1% vs
22.4% vs 26.0%, respectively. The need for vasoactive
drugs was also similar between the groups, varying
between 20.6% and 28.0%, with no statistically significant
difference, as well as the need for invasive ventilation. No
adverse arrhythmia events were recorded in the three
groups, as well as there was no difference in hematologi-
cal or hepatic adverse events. Mortality was similar in the
three groups, 22.2% for the HCQ group, 21.3% for the CQ
group, and 23.0% for the ivermectin group, with no sta-
tistically significant difference. Table 2 and Figure 2
describe in detail the comparison of hospital outcomes
between treatment groups.

The correlation between variables at hospital admis-
sion and mortality (Table 3) demonstrated that being
over 60 years of age significantly increased mortality in
relation to younger people (37.0% vs 15.0%, respec-
tively; HR = 2.44; 95% Cl = 1.40- 4.30), and with those
older than 70 years, the risk of death more than doubled
(HR = 2.14; 95% Cl = 1.15- 3.99). Among the associated
medical conditions, having diabetes mellitus proved to
be an independent risk factor, with a mortality of 32.8%,
and HR = 1.87 (95% Cl = 1.02- 2.59). Moderate to severe
obesity (considering the cutoff point BMI> 33 kg/m?)

Table 1. Demographic and clinical data at hospital admission. Comparison between treatment groups.

Demographics and clinical data on admision Total HCQ group CQ group Ivermect. group p Value
n 168 54 61 53 -
Age 53.4 (+15,6) 54.8 (£15,5) 51.9 (£14.0) 53.2 (£17.3) ns
Male gender 95 (58.2%) 29 (56.8%) 35 (57.8%) 31 (60.7%) ns
Hispanic origin race 130 (78.9%) 44 (33.8%) 48 (36.9%) 38 (29.3%) ns
Obesity (BMI >30 kg/m?) 63 (37.5%) 21 (38.8%) 20 (37.7%) 22 (36.0%) ns
Smoking
No, never 77 (46.9%) 24 (45.2%) 34 (56.6%) 19 (37.2%) 0.03
Former smoker 69 (42.0%) 26 (49.0%) 17 (28.3%) 26 (49.5%) 0.02
Yes (active smoker) 16 (9.7%) 3 (5.6%) 8(13.3%) 5 (9.8%) ns
Alcohol consumption
Ocasional 19 (11.3%) 5(9.2%) 9 (14.7%) 5 (9.4%) ns
Regular 25 (14.8%) 6 (11.1%) 5(8.1%) 14 (26.4%) ns
Associated conditions
Systemic arterial hypertension 69 (43.4%) 24 (45.2%) 24 (42.1%) 21 (42.8%) ns
Diabetes mellitus 45 (28.1%) 13 (24.5%) 18 (31.0%) 14 (28.5%) ns
Chronic renal failure 4 (2.5%) 0 2 (3.4%) 2 (4.0%) ns
Previous pulmonary disease (any) 9 (5.3%) 3 (5.5%) 4 (6.5%) 2 (3.7%) ns
Cancer 5 (3.0%) 2 (3.7%) 1 (1.6%) 2 (4.0%) ns

Clinical syndrome on admission (not mutually exclusive)
Flu-like syndrome
Pneumonic syndrome
Respiratory insufficiency
Septic shock
0, saturation (FiO, = 0.21) blood gas analysis at admission
Chest CT scan at admission
Ground glass opacity
Pulmonary consolidation
Pleural effusion
Atelectasis
Magnitude of pulmonar parenchyma involvement
up to 25%
25-50%
More than 50%

60 (35.9%)
71 (42.5%)
127 (76.5%)
1 (0.6%)
89.9 (¥5.4)

142(85.0%)
115(68.8%)
14 (8.3%)
5 (2.9%)

54 (37.4%)
55 (38.1%)
35 (24.3%)

21 (38.9%)
23 (42.6%)
39 (72.2%)

23 (37.7%)
27 (44.2%)
44 (72.1%)

16 (26.6%)
21 (40.4%)
44 (84.4%) 1 (1.9%)

ns
ns
ns-

0 0
88.2 (£5.5) 87.3 (£7.2) 90.2 (£5.8) ns
42 (77.8%) 55 (90.1%) 45 (86.5%) ns
35 (64.8%) 44 (72.1%) 36 (69.2%) ns
3 (5.5%) 7 (11.4%) 4 (7.7%) ns
1(1.8%) 3 (4.9%) 1(1.9%) ns

14 (32.5%)
16 (37.2%)
13 (30.2%)

23 (41.0%)
21 (37.5%)
12 (21.4%)

17 (37.7%)
18 (40.0%)
10 (22.2%)

ns
ns
ns
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Table 2. Intrahospital variables, safety data, and clinical endpoints.

Intrahospital variables Hydroxycl. Chloroqu. Ivermect. p Value
Completed investigational therapy 92.8% 90.5% 93.5% ns
Oxygen supplementation (need) 90.2% 88.5% 88.4% ns
Duration of oxygen need (days) 7.8 (+2.1) 7.9 (+2.3) 8.1 (+2.0) ns
Corticosteroid therapy 100% 98% 97% ns
Duration of corticosteroid 6.8 (+2.0) 7.2 (+1.8) 6.9 (+1.7) ns
Anticoagulant therapy 32.9% 36.7% 30.4% ns
Adverse events
Arrhythmia (clinically significant) 0 0 0 -
Elevated liver Transminases G1/G2 15.2% 13.4% 14.8% ns
Elevated liver Transminases G3/G4 10.2% 8.5% 11.2% ns
Anemia (hemoglobin < 8 g/dL) 5.5% 53% 7.8% ns
Leukopenia (<1500/mm?3) 5.5% 3.2% 2.2% ns
UCI admission 21.1% 22.4% 28.0% ns
Need of vasoactive drugs 21.1% 20.6% 26.0% ns
Need for invasive ventilation 21.1% 20.6% 23.5% ns
Death due to COVID complications 22.2% 21.3% 23.0% ns
Hydroxycl., hydroxychloroquine; Chloroqu., chloroquine; Ivermect., ivermectin.
1.00
0.95
0.90
S
‘T 085
b=
a
— 0.80 !
o ey
= Y e =-
>
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Figure 2. Kaplan-Meier curve: overall survival of treatment groups.

was also associated with higher mortality compared to
those without this condition (32.5% vs 18.5%, respec-
tively, p = 0.04), almost doubling the risk of death (HR =
1.95; 95% ClI = 1.07- 3.09). Those with less than 7 days
between onset of symptoms and hospitalization also
presented a higher mortality (35.0% vs 19.5%; p = 0.04,
HR = 2.28; 95% Cl = 1.03- 3.24). Low oxygen saturation
at hospital admission was the main risk factor in this
analysis. Using the Sat 02 cutoff point <90% (arterial
gasometry), patients with low oxygen saturation had
46.6% mortality, significantly higher than those with
higher saturation (13.1%), with HR = 5.79 (95% Cl =
2.63-12.7). More than 75% of pulmonary parenchyma
involvement also proved to be an independent risk
factor (HR = 1.92; 95% Cl = 1.11- 3.22). The only variable
assigned as a protective factor was the presentation of
diarrhea at hospital admission. The occurrence of this
gastrointestinal form of COVID-19 was associated with
lower mortality compared to those without this mani-
festation (11.1% vs 32.5%; p = 0.03), reducing mortality
by half (HR = 0.47; 95% Cl = 0.12— 0.96).

DISCUSSION

To the best of our knowledge, this is the first study
comparing the efficacy of CQ, HCQ and ivermectin and
patients hospitalized for severe COVID-19. The design of
this study had a particular ethical issue. On 27 March 2020,
the Brazilian Federal Government established
a nationwide treatment guideline for the use of HCQ
and CQ in patients with severe forms of COVID-19 [9],
even without definitive scientific evidence on its efficacy
and safety. Therefore, we were unable to institute
a placebo arm. This compelled the authors to add an
arm with ivermectin, a medication with a mechanism of
action totally different from CQ and derivatives, to
strengthen the comparison of efficacy and safety.

The rationale to test those drugs is based on clinical
and preclinical studies. Shukla et al. demonstrated in vitro
antiviral activity of CQ against SARS-CoV by changing the
pH of cell membrane surfaces and consequent inhibition
of terminal glycosylation of the angiotensin-converting
enzyme receptor 2, impairing the virus fusion with human
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Table 3. Survival analysis: correlation between variables at hospital admission and COVID-19-related mortality.

Independente variables n Mortality (%) p walue Hazard ratio (95% Cl)
CQ/Hydroxycloroquine groups 115 217 ns 0.94 (0.51-1.72)
Ivermectine group 52 23.0 1
Age >50 years 88 26.1 ns 1.44 (0.79-2.54)
Age >60 years 54 37.0 0.001 2.44 (1.40-4.30)
Age >70 years 19 42.1 0.02 2.14 (1.15-3.99)
Male gender 95 24.1 ns 1.37 (0.73-2.56)
Female gender 68 17.6 1
Associated conditions

Diabetes 45 328 0.04 1.87 (1.02-2.59)

Systemic arterial Hypertension 69 27.5 ns 1.63 (0.77-3.44)

Smoking (current/former) 920 233 ns 1.12 (0.63-1.99)

Alcohol use 50 24.7 ns 1.42 (0.81-2.21)
Obesity

BMI >30 kg/m? 74 243 ns 1.19 (0.67-2.10)

BMI >33 kg/m2 43 325 0.04 1.95 (1.07-3.09)
SatO, <90% at hospital admission 45 46.6 <0.0001 5.79 (2.63-12.7)
No 122 13.1 1
Practice of physical activity 57 20.7 ns 0.92 (0.68-1.58)
No 99 22.2 1
Sympton onset to hospitalization (time)

<7 days 50 35.0 0.04 2.28 (1.03-3.24)

7 days or more 125 19.5 1
Sympton before hospitalization

Diarrhea 28 11.1 0.03 0.47 (0.12-0.96)

Dyspnea 24 20.8 ns 0.93 (0.31-2.63)

Fever 109 21.1 ns 0.87 (0.48-1.53)
Pulmonary involvement at admission CT scan

>25% 136 220 ns 0.97 (0.47-2.01)

>50% 90 25.6 ns 1.46 (0.78-2.53)

>75% 35 38.2 0.03 1.92 (1.11-3.22)

cells [14]. Additionally, HCQ and CQ reduce the secretion
of proinflammatory cytokines, with emphasis on IL-1,
TNFa, and IFNy, by alveolar macrophages, with
a potential reduction in the cytokine storm [15]. But
clinical studies on the role of CQ and derivatives in
patients with a severe form of COVID-19 are scarce and
conflicting. In a randomized clinical trial with 504 hospi-
talized patients, Cavalcanti et al. found no clinical benefit
in the use of 400 mg HCQ, associated or not with azithro-
mycin [16]. In that study, a significant increase in liver
enzyme levels was reported in these patients, in addition
to the prolongation of the QTc interval, with no clinical
implications, according to the authors. Something similar
has been reported by a case-control study that compared
individuals infected with COVID-19 treated with HCQ and
azithromycin [17,18]. In a retrospective observational
study by Geleris et al., the use of HCQ did not reduce
the need for invasive ventilation or mortality [18]. In
another randomized, unblinded clinical trial for mild to
moderate forms of COVID-19, 150 hospitalized patients
were analyzed, of which 75 underwent conventional
treatment (best supportive care), and the remaining
patients received CQ in addition to supportive treatment.
The use of QC also did not increase survival or the like-
lihood of viral clearance, raising issues about its possible
in vivo antiviral activity [19]. On the other hand,
a controlled and randomized clinical trial conducted
with 63 patients in Wuhan, China, reported a shorter
mean time to clinical recovery in the experimental
group (400 mg of HCQ for 5 days) compared to the
control group. Although without a difference in mortality,
the HCQ treatment group had a significantly shorter time

to reach afebrile status and had significantly less time to
relieve coughing [20].

Although ivermectin has been approved as a safe anti-
parasitic drug for decades, some recent studies have
revealed that ivermectin has antiviral action against RNA
viruses, like the Zika virus [21], influenza A [22],
Chikungunya virus [23] and HIV-1 [24]. This is due to the
inhibition of nuclear transport mediated by a/f importin,
which in turn blocks nuclear trafficking in viral proteins
(HIV-1, SV40), which is necessary for replication [23].
Although SARS-CoV-2 is believed to replicate in cytosol,
most RNA viruses depend on a/f1 importin during the
replication process. Consequently, ivermectin was pre-
sented as a therapeutic possibility in the face of the
COVID-19 pandemic [25]. Caly et al. documented the
antiviral activity of ivermectin against SARS-CoV-2
in vitro [12]. Based on this evidence, some centers have
started treatment with ivermectin at a dose of 150 pg/kg
for patients infected with SARS-CoV-2, and some authors
have reported their possible benefits [26].

Although we found a favorable safety profile for the
three drugs, in terms of cardiac, hematologic and hepatic
toxicity, our study showed no benefit in terms of redu-
cing the need for supplemental oxygen, mechanical ven-
tilation, or mortality for the treated groups with HCQ or
CQ in relation to ivermectin in hospitalized patients.
Mortality was very similar in the three arms (ranging
from 21.3% to 23.0%), suggesting that the 3 drugs are
equally ineffective in this setting. The mortality rates of
the three groups are very similar to the historical reports
of other studies that used placebo in hospitalized
patients, strengthening the hypothesis of ineffectiveness.



Regarding the analysis of predictive factors for mortal-
ity, our study showed worse progression in obese patients
(BMI> 33 kg/m?). Marked deregulation of lymphoid
responses and exacerbation of pro-inflammatory cyto-
kines has been described in obese patients, especially IL-
6 and TNF [27,28]. IL-6 amplifies and supports the activa-
tion of various cytokine pathways for many days after the
initial immune injury [29]. Thus, our data corroborate that
obesity is an independent risk factor, doubling mortality,
possibly because it contributes to the cytokine storm. Age
was also a major predictor associated with fatality. The risk
associated with increasing age has been a consistent find-
ing among published works [4], but different from these
reports, the present findings point to an earlier crucial
point. While in different countries like Korea, China and
Italy, the highest acceleration in fatality rates happened in
patients over 70 years [30,31], in our data the most sig-
nificant increase in fatality rates happened in patients
over 60 years. Further studies should be directed to the
role of local conditions in the lowering of the age range.
Male gender has been related to a worse outcome [32,33],
and although our data showed a trend to higher mortal-
ity, the difference was not statistically significant.

Low oxygen saturation (SatO, <90%) at admission was
also a risk factor for death. This has also been observed in
other studies, with small variations in the cutoff point
[34,35]. In New York, SatO2 less than 92% was associated
with an increased risk of hospital lethality [36]. In our
study, patients who were hospitalized less than 7 days
after the onset of symptoms also had a worse prognosis.
We did not find similar data in the literature. On the
contrary, a retrospective study in Wuhan, China, that
evaluated hospitalized patients reported higher mortality
in the group that was admitted after the tenth day of
symptoms [37]. Differences in patient severity between
the Chinese study and ours may explain this discrepancy.
The earlier hospitalization may be related to a more ser-
ious evolution of the disease, possibly due to a higher viral
load and systemic inflammation. Studies have already
correlated higher viral load and clinical severity, showing
that an increase in viral load precedes clinical deteriora-
tion, and a reduction in symptom improvement [38].

The presentation of diarrhea before hospitalization
was a protective factor in our data. We did not find similar
data in the literature. Kumar et al. did not observe
a statistically significant difference in mortality between
patients with a gastrointestinal manifestation of COVID-
19 in relation to those with purely respiratory manifesta-
tion [39]. In a meta-analysis, the proportion of patients
with gastrointestinal symptoms was higher in the group
of critically ill patients when compared to the non-severe
group; however, mortality was similar between patients
with or without diarrhea [40]. Unlike our study, this meta-
analysis assessed the effect of diarrhea during hospitaliza-
tion, and not as a prognostic factor at hospital admission.

We conclude that the use of CQ, HCQ or ivermectin is
not related to a reduction in the need for supplemental
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oxygen, admission to ICU, invasive ventilation or death,
in hospitalized patients with a severe form of COVID-19.
In the doses used, we observed a favorable safety profile
of the tested drugs, especially regarding serious adverse
cardiac, hematologic or hepatic events. Age over
60 years, obesity, diabetes, extensive pulmonary involve-
ment and low oxygen saturation at hospital admission
were independent risk factors for mortality in this cohort.
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